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Use of the argon laser to recanalize stenosed arteries 
may require delivery of the beam through blood. To 
assess the degree of hemolysis and debris formation, 84 
samples of citrated whole blood were exposed to argon 
laser radiation with varying power (I, 2 and 3 watts) 
and duration (5,10,20 and 40 seconds). Compared with 
control samples, only blood samples exposed to a power 
of 3 watts for 40 seconds showed a marked decrease in 
hematocrit (from 37 ± 1.3 to 33 ± 1.4%, p < 0.01) 
and a marked increase in both free hemoglobin concen-
tration (from 0.2 ± 0.2 to 1.3 ± 0.5 g/IOO ml, p < 0.01) 
and debris weight (from 0.9 ± 0.3 to 2.8 ± 0.5 mg, p 
< 0.01). Scanning electron microscopy of debris from 
samples of whole blood, washed erythrocytes and plate-
Although intraluminal irradiation of atherosclerotic plaques 
with a laser beam can recanalize occluded arteries both in 
vitro and in vivo (1-4), the ideal conditions for its use have 
yet to be defined. Lasing of atheroma with an argon laser 
has been effective under whole blood (I). When the radia-
tion is delivered in vessels containing blood, its interaction 
with blood constituents theoretically can generate the for-
mation of clots, platelet aggregates and cell debris which, 
if large enough, could jeopardize distal perfusion. With the 
argon laser, the potential for these effects is greater than 
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let-rich plasma lased at 3 watts for 40 seconds docu-
mented the presence of membrane denaturation of blood 
elements, resulting in their fusion to form complex mesh-
like conglomerates. Similar morphologic changes were 
observed in whole blood samples exposed to a "hot tip" 
rather than laser radiation. 
These data indicate that: I) argon laser radiation with 
a power of 3 watts does not produce apparent hemolysis 
or debris formation for exposure periods up to 20 sec-
onds, and 2) the effects of laser radiation on blood are 
probably mediated by thermal denaturation of cell mem-
branes, as suggested by the same morphologic changes 
produced by thermal injury from a "hot tip. \, 
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with other lasers. This is related to the emission peak wave-
lengths of the argon laser (488 and 514 nm) which are within 
the major absorption range of hemoglobin (400 to 600 nm) 
(5). 
In view of the possible application of percutaneous laser 
angioplasty to the treatment of occlusive vascular disease 
in human beings, the effects and the mechanisms of action 
of argon laser radiation on blood were evaluated in vitro. 
In addition, the different blood constituents (erythrocytes, 
platelets and plasma) were assessed separately. 
Methods 
Material. Citrated whole blood obtained from the blood 
bank was stored at 4°C in plastic bags until I hour before 
use. Platelet-rich plasma was obtained by spinning blood at 
1,900 rpm for 6 minutes; the sediment was then spun at 
4,500 rpm for 5 minutes and the supernatant removed to 
obtain platelet-poor plasma. 
Washed erythrocytes were obtained by substituting plasma 
with an equal amount of saline solution after spinning blood 
at 3,000 rpm for 15 minutes. This procedure was then re-
peated five times. 
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Laser delivery. A continuous wave argon laser (model 
552, Laser Ionics) with wavelengths of 488 and 514 nm 
was used. The radiation was delivered through a 100 cm 
long, 400 J.Lm core silica optical fiber (Medicore Optical 
Fiber MED 400, Quartz Products) polished smooth at both 
ends. One end was aligned with the focused beam as it 
exited the laser, while the free end was used for lasing. 
Because of power losses at the entry of the beam into the 
fiber and attenuation along the fiber, the power reading on 
the laser meter does not represent the acutal delivery at the 
fiber tip. To correct for these losses, measurements were 
made at the fiber tip by a separate power meter (coherent 
model 105, Power Meter). These are the values reported in 
this study. 
Protocol. Aliquots of 4 cc of citrated whole blood were 
placed in glass tubes. One tube served as a control and four 
others were exposed to argon laser radiation at I watt for 
periods of 5, 10, 20 and 40 seconds. The same procedure 
was repeated increasing the laser power to 2 and 3 watts. 
A total of seven experiments were done at each power, and 
105 whole blood samples were used. During each period 
of irradiation, the free end of the optic fiber was kept im-
mersed in the blood and continuously moved up and down 
to maximize beam exposure and simulate blood flow in the 
vessels. After each exposure, any debris adherent to the 
fiber tip, if present, was scraped off with a blade and added 
to the remaining blood in the tube. Blood temperature during 
lasing was monitored with a thermistor (model 43TD, YSI). 
At the end of the experiment, hematocrit, plasma hemo-
globin and debris weight were measured in each sample. 
Scanning electron microscopy of one additional sample ex-
posed to a radiation of 3 watts for 40 seconds was performed. 
Scanning electron microscopy was also employed to ex-
amine samples of washed erythrocytes, platelet-rich plasma 
and platelet-poor plasma after exposure to the laser beam 
emitting 3 watts for 40 seconds. 
Finally to ascertain whether the effects of the radiation 
were thermal in origin, a sample of whole blood was ex-
posed to a "hot tip" (Trimedyne Inc.) made by fixing a 
metal cap on the free end of an optic fiber to convert the 
laser radiation into heat. The resulting increase in blood 
temperature produced by the "hot tip" (9°C) was similar 
to that observed during exposure to laser radiation emitting 
Table I. Effects of Laser Radiation on Hematocrit 
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Figure I. Effects of increasing levels of laser radiation energy 
(power x exposure time) on temperature. Each point represents 
the mean of the temperature changes in seven blood samples lased 
with the same amount of energy. 
3 watts for 40 seconds. The sample was then examined by 
scanning electron microscopy. 
Quantitative analysis. Whole blood samples were first 
filtered through a 40 J.Lm filter (Alpha Therapeutic Co.) of 
known weight and allowed to dry in air for 24 hours. The 
dry weight of debris and filter was then measured using a 
Sartorius 2475 balance. The weight of the debris was then 
obtained by subtracting the weight of the filter from that of 
the debris and filter. Blood collected after filtration was 
divided in two aliquots. The first aliquot was placed in 
capillary tubes for the determination of hematocrit after 
spinning at 11,000 rpm for 5 minutes. The second aliquot 
was spun at 3,000 rpm for 5 minutes and plasma separated 
to measure free hemoglobin concentration (6). Data relative 
to hematocrit, debris weight and free hemoglobin were sta-
tistically analyzed using the t test of independent means. 
For each of the three laser powers, a mean of seven lased 
samples at the same duration of exposure was compared 
with control values. 
Scanning electron microscopy. Scanning electron mi-
croscopy of whole blood, washed erythrocytes, platelet-rich 
plasma, platelet-poor plasma and whole blood exposed to 
the "hot tip" was performed on the debris trapped on the 
Hematocrit (%) 
:; Seconds 10 Seconds 20 Seconds 40 Seconds 
I watt -0.4 ± 2.5 -I ± 3.4 -0.5 ± 2.2 - 1.5 ± 2.6 
2 watt -0.1 ± 0.5 -0.2 ± 1.7 -LX ± 2.2 - 1.6 ± 0.8 
3 watt -0.1 ± O.X -0.1 ± 1.0 - 1.1 ± 2.4 -3.6 ± 0.8* 
*p < 0.0 I. Data represent the mean ± standard deviation of seven measurements, expressing the difference 
between treated and control samples. 
e
i
OUf
·
5
j
ll
ll
ll 0 8
I
1.8
I.
enlt
h
lACC Vol. 5, No.2 
February 1985:231-7 
ABELA ET AL. 233 
LASER EFFECTS ON BLOOD 
Table 2. Effects of Laser Radiation on Free Hemoglobin Concentration 
Hemoglobin (g/IOO ml) 
5 Seconds 
I watt o ± 0 
2 watts o ± 0 
3 walts 0.1 ± 0.1 
10 Seconds 
0.1 -± 01 
0.1 " 0.2 
0.2 ± 0.2 
20 Seconds 
0.1 ± 0.2 
0.3 ± 0.2* 
0.4 ± 0.3* 
40 Seconds 
0.1 ± 0.1 
0.5 ± O.4t 
1.1 ± O.4t 
*p < 0.05; tp < (UJI. Data represent the mean ± standard deviation of seven measurements, expressing 
the difference between treated and control samples. 
40 JLm filter. Both debris and filter were immediately fixed 
in 2,5% gluteraldehyde and cacodylate acid buffer. There-
after, they were processed by critical point drying in liquid 
carbon dioxide, mounted on stubs and coated with gold in 
a sputter coater. Specimens were then examined under a 
JEOL 35 C scanning electron microscope utlizing 70 to 
16,000 x magnification. 
Results 
Quantitative analysis. In lased blood, the temperature 
increase was, as expected, proportional to the total radiation 
energy (power x exposure time) (Fig, I). The hematocrit 
decreased significantly from 37 ± 1.3 to 33 ± 1.4% (p < 
0.01) only when the highest radiation energy was delivered 
(3 watts for 40 seconds, or 1201) (Table I). Similarly, this 
amount of energy produced a marked increase in free hemo-
globin concentration from 0.2 ± 0.2 to 1.3 ± 0.4 g/ 100 
ml (p < 0.01) (Table 2). Also, debris weight increased 
significantly from 0.9 ± 0.3 to 2.8 ± 0.5 mg (p < 0.01) 
(Table 3). These changes were negligible during exposure 
of blood at lower laser energy levels. 
Scanning electron microscopy. Scanning electron mi-
croscopy of whole blood showed only a few recognizable 
erythrocytes. These cells were grossly distorted, with the 
majority assuming the form of spherocytes and others ap-
pearing crenated. Many erythrocytes showed varying de-
grees of cell membrane denaturation characterized by frag-
mentation and subsequent fusion to form subcellular vesicles 
(Fig. 2 and 3). The vast majority of erythrocytes, however, 
could not be recognized as individual cells. In fact, mem-
branes were fused to form complex three-dimensional con-
glomerates frequently assuming a mesh-like configuration 
(Fig. 4). Scanning electron microscopy of lased washed 
erythrocytes showed identical changes. The appearance of 
lased platelets from platelet-rich plasma was similar to that 
of erythrocytes. 
The effect of laser radiation on plasma proteins, observed 
in platelet-poor plasma, was characterized by their coagu-
lation and the resultant formation of an amorphous fine mesh 
(Fig. 5). 
Whole blood heated with the' 'hot tip" showed histologic 
alterations indistinguishable from those observed after ex-
posure to the laser beam (Fig. 6). 
Discussion 
Hemolysis and debris formation. In this study, the ex-
posure of blood to argon laser radiation produced a decrease 
in hematocrit and an increase in free hemoglobin, indicating 
hemolysis. However, this was significant only when the 
highest energy level (3 watts for 40 seconds) was used. A 
similar trend was seen with the production of cellular debris. 
These data have important clinical implications in view of 
the potential use of laser radiation to recanalize occluded 
vessels; they show that the hemolytic effects of a laser beam 
emitting up to 3 watts can be minimized by limiting the 
exposure period to 20 seconds or less. Theis et al. (7) ob-
served a significant decrease in hematocrit and an increase 
of free hemoglobin after exposure to an argon laser beam 
emitting 5 watts for 5 seconds. Those results, however, 
cannot be compared with ours for two reasons: I) that study 
does not mention the actual radiation power at the fiber tip; 
and 2) their samples were lased without immersion of the 
end of the optic fiber in blood. Because of equipment lim-
Table 3. Effects of Laser Radiation on Debris Formation 
5 Seconds 
I watt 0.1 ± 0.7 
2 walts 0.3 ± 0.3 
3 watts 0.5 ± 0.1 
Debris Weight (mg) 
10 Seconds 20 Seconds 
0.1 ± 0.2 0.5 ± 0.3 
0.4 ,. 0.6 1.2 4- 1.2 
0.3 :+: 0.1 l.n :+: 0.3* 
40 Seconds 
0.4 ± 0.3 
1.2 :+: 0.2* 
2.5 ± 0.6* 
*p < 0.01. Data represent the mean:+: standard deviation of seven measurements. expressing the difference 
between treated and control samples. 
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itations, only three power levels were tested in our study. 
The combination of higher powers and similar or shorter 
exposure durations might be useful in identifying other ef-
fective and equally safe working parameters . 
The emission peak wavelengths of the argon laser (488 
and 514 nm) are within the major absorption range of hemo-
globin (400 to 600 nm). Therefore, the effects of argon laser 
on red blood cells are expected to be more extensive than 
those with other medically used lasers such as the Nd-Y AG 
lACC Vol. 5. No . 2 
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Figure 2. Low power scanning electron mi-
croscopy shows the debris produced by laser 
radiation emitting 3 watts for 40 seconds. 
The debris appears to be small scattered heaps 
of particulate matter of varying sizes and 
shapes retained on a 40 J.tm mesh (magnifi-
cation x 70, reduced by 31 %). 
laser (neodymium-yttrium, aluminum, garnet) with an emis-
sion peak of 1,064 nm, or the carbon dioxide laser with an 
emission peak of 10,600 nm. However, this prediction would 
need to be confirmed since both Nd-Yag and carbon dioxide 
wavelengths are better absorbed by water, which could lead 
to considerable blood damage. Thus, the result of the in-
teraction between blood and these lasers is not predictable. 
Mechanism of action of laser radiation on blood. The 
direct examination of blood samples under a scanning elec-
Figure 3. At higher magnification scanning 
electron microscopy of whole blood lased at 
3 watts for 40 seconds, clumps of erythro-
cytes at various stages of denaturation and 
spherocytes with punctured surfaces are seen 
(black arrows). In other erythrocytes, the 
cell membranes appear to be breaking up into 
smaller vesicles that aggregate together (white 
arrows) (magnification x 7,800, reduced by 
31%). 
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Figure 4. A, Scanning electron microscopy 
showing other effects produced by the lasing 
of whole blood at 3 watts for 40 seconds. A 
meshwork of fused cell membranes is seen. 
Some crenated erythrocytes with character-
istic membrane budding and protrusion can 
also be identified (arrows) (magnification x 
1,600, reduced by 31%), D, At higher mag-
nification, vesicles seem to be fusing (ar-
rows) to form the body of the mesh (mag-
nification x 8,600, reduced by 31 %). 
tron microscope shows that the hemolytic effects produced 
by laser radiation are caused by cell membrane denaturation. 
Morphologic changes in erythrocytes are characterized by 
progressive denaturation of cellular elements. The initial 
change is probably spherocyte formation. This is due 
to early functional damage of the cell membrane. Similar 
alterations have been described from real time observations 
under light microscopy by lasing a single erythrocyte with 
a microbeam (8). Hemoglobin leakage through the damaged 
membranes of still intact erythrocytes can explain the dis-
sociation between the measured hematocrit and free hemo-
globin concentration observed in a previous report (7). Fur-
ABELA ET AL. 235 
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ther denaturation results in cellular membrane fragmentation 
and formation of small vesicles. These vesicles appeared to 
fuse, forming conglomerates that frequently merged into a 
mesh. 
The fact that whole blood. washed erythrocytes and 
platelets showed similar morpholoRic chanRes with expo-
sure to laser radiation sugRests a common mechanism. This 
is most probably due to an increase in membrane fluidity 
caused by a brisk increase in temperature resulting in the 
plastic changes in the blood elements. The hypothesis that 
the effects of laser radiation on hlood are thermal in origin 
was tested using the "hot tip." The finding of similar mor-
B
,
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~ phologic changes in blood elements during exposure to both 
the laser beam and the "hot tip" supports our suggested 
hypothesis. Similar observations of increased membrane flu-
idity were also described in previous work done on thermal 
injury to erythrocytes (9,10). 
Conclusions. The results of this in vitro study can only 
be extrapolated in part to the clinical situation. In fact, in 
vivo the effects of the laser beam on blood may be modified 
by the interaction of the radiation with the arterial wall. For 
instance, laser-induced vaporization of endothelial cells could 
lACC Vol. 5. No.2 
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Figure 5. Scanning electron microscopy 
of platelet-poor plasma lased at 3 watts for 
40 seconds shows a smooth surface com-
posed of a fine meshwork of congealed pro-
tein elements (magnification x 3,200, re-
duced by 31%). 
result in decreased local prostacyclin production and en-
hancement of platelet aggregation (II). However, while 
lasing totally occluded arteries, the fiber tip is only partially 
exposed to blood; thus, the adverse effects of the radiation 
on blood are likely to be less pronounced than those ob-
served in vitro. 
Our data provide a reference for use in a live model of 
certain laser variables that would limit the potential for distal 
embolization. Furthermore, it is evident that in anticoagu-
lated blood, levels of energy known to recanalize athero-
Figure 6. Scanning electron microscopy of 
whole blood exposed to the "hot tip" rather 
than the laser shows morphologic changes in 
erythocytes identical to those observed after 
laser radiation. A disintegrating erythocyte 
is seen with the cell membrane fragmenting 
and giving rise to small vesicles. In the back-
ground, an erythrocyte with intact cell mem-
branes can also be seen (magnification x 
16,000, reduced by 31%). 
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sclerotic and thrombotic arterial occlusions both in vivo and 
in vitro (1-4,12) do not produce significant hemolysis or 
significant amounts of cellular debris. 
We are indebted to Richard Lottenberg, MD and Alan Keitt, MD from 
the Division of Hematology for their helpful comments; and to Nancy 
Sajczuk and Nancy Philips for preparation of the manuscript. We thank 
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for this work. 
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